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Evaluation of Superconducting Magnets, a Study 


A study was carried out to develop analytically the 
steady state behavior characteristics of composite 
superconductors and to verify these characteristics ex- 
perimentally. Details of this study are presented in a 
report. 

The first part of the report deals with the analysis 
of the behavior of a composite superconductor con- 
sisting of the superconductor itself and a highly con- 
ducting substrate in which all gradients along the con- 
ductor are neglected (zero-dimensional analysis). It 
begins with the simplest case of a conductor exposed 
to a coolant which is assumed to have a heat transfer 
characteristic represented by a constant heat transfer 
coefficient. Even with this restriction, this simple 
analysis is quite general, since the standard technique 
of using the heat transfer coefficient corresponding to 
the particular heat flux at each point can be readily 
applied if the heat transfer coefficient varies with 
heat flux. Following this analysis, the effect of the 
transition from nucleate to film boiling is investigated, 
and a general steady state stability map is developed 
which is very useful in understanding the conductor 
characteristics. The effect of poor thermal contact 
between the superconductor and the substrate as well 
as any temperature gradients in the superconductor 
itself are shown to be destablizing effects, and lead 
to the conclusion that small superconducting fila- 
ments are desirable because of the increased area of 
contact as well as the reduced temperature gradients 
in the superconductor. In most of the zero-dimen- 
sional analyses an additional heat source is included 
for generality. This is done because heaters can be 
used very effectively as diagnostic tools, and also 
defects and joints can usually be represented as local 


heat sources. 

Following the zero-dimensional analyses, a one- 
dimensional model in which gradients along the con- 
ductor are taken into account was analyzed. This 
begins with a constant heat transfer coefficient and 
analyzes the behavior of a conductor with a local heat 
source. The conditions required for a local heat 
source to produce only local resistive regions are 
investigated in detail, and the effect of the transition 
from nucleate to film boiling is also considered. 

Both the zero-dimensional as well as the one- 
dimensional analyses assume heat transfer to a cool- 
ant which can convect heat away. In either of these 
cases it is not possible to conduct heat to a distant 
heat sink without very large temperature gradients. In 
one dimension, the temperature drops linearly be- 
tween the heat source and the heat sink, and in two 
dimensions it drops as the natural logarithm of the 
distance. It is only in three dimensions that conduc- 
tion cooling alone can result in steady state solutions 
for finite amounts of heat generated. The case of 
three-dimensional heat transfer was investigated, and 
the special case of only conduction cooling was 
solved. 

The two-dimensional case was formulated, but did 
not reduce to the simple meaningful results as in the 
case of one and three dimensions. 

In addition to some preliminary experiments which 
are described in the report, the main experimental 
part of the program was aimed at verifying the predic- 
tions of the analytical model. Specifically, tests were 
run on single wires heated locally to verify the results 
obtained in the one-dimensional analysis. 
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Another series of tests involved the behavior of a 
6-inch-diameter coil wound with a square copper 
stabilized Nb-Ti conductor. This coil was instru- 
mented with heaters in the windings, and was oper- 
ated in helium at various pressures and temperatures. 
A complete stability map was determined for this 
coil. 
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